Basic statistics on cranial measurements from 15 modern Japanese populations were compiled by the Commission of Anthropological Investigation of Modern Japanese Crania. These data were analyzed in order to evaluate the magnitude of inter-population differences and the influence of secular change on the interpopulation differences. Cranial measurements taken for four populations from the late Edo period were used to estimate the inter-population differences that can be caused by systematic inter-observer measurement errors and by the bias in the sampling. The distance measures based on the measurement items with small intraand inter-observer measurement errors indicate that the inter-population differences in modern Japanese crania are much greater than the differences caused by the measurement error. However, the differences caused by sample bias are as large as some of the inter-population differences. The results of cluster analyses indicate that the influence of secular change can not be ignored. According to the results of discriminant analysis, the key characteristic in determining inter-population difference is maximum cranial breadth. Since secular change is observed in seven out of 13 measurement items with significant inter-population differences, a considerable part of so-called geographic differences among modern Japanese crania is likely to be due to the secular change that took place during the 100 year period required to collect the materials.
Introduction
Geographic differences in modern Japanese crania have been considered a key to clarifying the lineage of the Japanese since HASEBE first pointed them out (HASEBE, 1917) . Several studies have been published on this subject (MATSUMURA, 1925; KOHAMA, 1960; IKEDA and TAGAYA, 1980; HANIHARA et al., 1982; KOUCHI, 1983) . However, the results are not always easy to interpret. It is necessary to eliminate the effects of confounding factors before interpreting the nature of inter-population differences.
Systematic inter-observer measurement errors, effects of the bias of the samples, and secular change are possible confounding factors. The influence of systematic inter-observer measurement errors on the results of inter-population comparisons is not negligible, especially when the inter-population difference is small (SAKURA and MIZOGUCHI 1983; KOUCHI and KOIZUMI,1985; KOIZUMI and KOUCHI,1988) . The only practical way to minimize the effects of the measurement errors is to use reliable measurement items (KOIZUMI and KOUCHI, 1988) .
A cranial series may not faithfully represent the mother population because the crania are not sampled randomly. Therefore, it is necessary to know the magnitude of the difference that can be caused by the bias of the samples in order to evaluate the biological significance of interpopulation differences.
The extensive metric data on the modern Japanese crania collected by the Commission of the Anthropological Investigation of Modern Japanese Crania (CAIMJC) are most complete in standardizing the measuring method. The materials investigated by this commission were collected during the period of about 100 years from the 1870s to the 1970s. It is known from both somatological and cranial data that a rapid secular change has occurred during this period (SUZUKI, 1969; KOUCHI, 1983 KOUCHI, , 1986 , and it is natural to expect that the materials investigated by CAIMJC are heterogeneous in this respect. However, the influence of the secular change on the inter-population differences in the modern Japanese crania has not been investigated.
The purposes of the present paper are, 1) to examine the magnitude of inter-population differences in modern Japanese crania in reference to the potential differences caused by systematic inter-observer measurement errors and sampling bias, and 2) to investigate the effects of secular change on these same Japanese crania.
Materials
I. Materials for the analyses of inter-population differences in modern Japanese crania Basic statistics of 18 cranial measurement items for 15 male modern Japanese populations, including one Ainu population, cited from CAIMJC (1981, 1983) are used for this purpose. The number of the samples and the year of collection for each population are shown in Table  1 , and the geographic distribution of the crania in Fig. 1 used (Unkoin-1 series). Ten observers measured this series of crania. The data measured by the 10 observers are treated as if they are taken from 10 different populations, and will be referred to as U-l, U-2,..., U-10 in the following text. The differences between them are caused by systematic inter-observer errors. The results of the analyses of measurement errors of these data have already been published (KOUCHI and KOIZU MI,1985) . Only the male crania were used throughout the present study.
III. Control group for the effects of the bias of the samples Four series of crania are used for this purpose. The first series is Unkoin-1 series. The second consists of 30 relatively well-preserved crania of the late Edo period also excavated from Unkoin temple. They are sexed as male and measured by K.K. (Unkoin-2 series). Because these crania are randomly sampled from the same series as Unkoin-1, the differences between Unkoin-1 and Unkoin-2 series are considered to be caused by the bias of the samples produced by chance.
Two other series are also from the late Edo period and were excavated from Tokyo. One consists of 25 crania excavated from Higashiueno, Taito-ku, Tokyo. They were sexed as male by K.K. and measured by M.K. The other consists of 65 male crania excavated from Joshinji temple, Koto-ku, Tokyo, and measured by CAIMJC (1983) . Because both series are from the same period (late Edo period) and district (Tokyo) as the Unkoin-1 and Unkoin-2 series, the differences between Unkoin, Higashiueno and Joshinji series are considered to be caused by the bias in the sampling.
IV. Materials for the study of secular change
To investigate the secular change during and after the Edo period, the data on the 45 male crania of the early to middle Edo period excavated from Hitotsubashi High School in Tokyo (CAIMJC, 1983) and 37 male crania of the late Edo period excavated from Kita-ku, Osaka (KANDA, 1959) were used as well as the above mentioned 4 cranial series of the late Edo period.
Measurement Items
Eighteen measurement items used for the analyses are shown in Table 3 . They were selected according to the criterion that the total of intraand inter-observer error variance is less than 10010 of total variance (KOUCHI and KOIZUMI,1985) . The radii and nasal height were measured according to HOWELLS (1973) , and others according to MARTIN and SALLER (1957) . and K. KOIZUMI
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between populations were measured by the mean square distance and PENROSE's shape distance. These distance measures were adopted in the present study because variance-covariance matrix was not necessary for their calculation. Also they have been used in the analyses of the inter-population differences in Japanese materials. Cluster analysis employing the group average method was used to obtain a dendrogram to show the interpopulation relationship based on each distance measure.
ANOVA was used to identify the measurement items showing significant inter-population differences by testing the equality of the means of 14 modern populations, excluding the Ainu.
A t-test was used to examine the effect of the secular change by testing the equality of group means between the two populations from one region belonging to two consecutive time periods. This was done for both the Kanto and Kinki districts, using the following data: Table 2 shows the PENROSE's shape distances (*Cz2 ).The median for the 10 values of U-1 to U-l0 are shown for the Unkoin-1 series. The distances between 10 samples of Unkoin-1 series are 0.05-0.17 (mean = 0.11). The inter-population differences of the modern Japanese samples are much greater than the differences caused by measurement errors. Among the 91 distances shown, for 14 modern Japanese samples, about 80% are greater than 0.27, which is the maximum value of the distances between the four samples from Edo period. Fig. 2 shows the dendrogram based on the PENROSE's shape distance. The groups U-1 to U-10, representing the Unkoin-1 series measured by 10 different observers, make one cluster. Twenty eight populations used for the present anlaysis are divided into the following three clusters: Cluster l: All of the 13 populations of the Edo period (10 of Unkoin-1 series, Unkoin-2, Higashiueno and Joshinji series) and 10 populations of modern Japanese (Northern Kyushu, Kanto, Kumamoto, Chiba, Kyoto, Osaka-1, Tohoku, Chubu, Niigata, and Hokuriku) Cluster 2: Ainu. Cluster 3: Osaka-2, Kinki, Nagasaki and Kagoshima. (1926) (1927) (1928) (1929) (1930) (1931) (1932) (1933) (1934) (1935) (1936) (1937) (1938) (1939) (1940) (1941) (1942) (1943) (1944) , S2: Showa after WWII (1945-1970s) . (1945-1970s) .
The period in which the materials were collected is also shown in Fig. 2 . The materials of the four samples belonging to cluster 3 were collected during the period S2, and the materials of most of the 10 modern Japanese samples belonging to the same cluster as the samples of the Edo period were collected before World War II. This fact suggests that secular change may play an important role in determining the interpopulation differences of modern Japanese crania.
The results, based on mean square distance, are basically the same as those based on the PENROSE's shape distance.
II. Test of significance of inter-population differences
The equality of group means were tested between the 14 modern Japanese populations by ANOVA. The results are shown in Table 3 . The means are significantly different at the 5% level in four measurement items (minimum frontal breadth, NAR, SSR and PRR), and at the 1 °10 level in nine items (maximum cranial length, cranial base length, maximum cranial breadth, basion-bregmatic height, sagittal frontal arc, sagittal frontal chord, facial length, upper facial height, and VRR). differences between populations from the same district but different periods. In the Kanto district, a significant difference between El (early to middle Edo) and E2 (late Edo) samples was observed only in cranial base length. From E2 to Ml (before WWII), significant increases were observed in cranial base length, sagittal frontal chord (p < 0.05), maximum cranial breadth, basion-bregmatic height, and upper facial height (p<0.01).
In the Kinki district, significant differences between E2 (lato Edo period) and M1 (before WWII) were observed in nasal breadth (p<0.01) and upper alveolar breadth (p <0.05). From Ml (before WWII) to M2 (after WWII) cranial base length decreased (p <0.05), and maximum cranial breadth, VRR (p <0.05), sagittal frontal arc and sagittal frontal chord (p< 0.01) increased.
The measurement items which exhibited significant temporal differences (i.e., the differences between the samples from different time periods) are not exactly the same in the Kanto and Kinki districts. Additionally, the direction of the secular change is sometimes inconsistent as observed in cranial base length in the Kanto district. Of the 13 measurement items with significant inter-population differences (Table 3) , seven items exhibited significant differences between the populations from the same district but different period (Table 4) . For maximum cranial length, minimum frontal breadth, facial length, NAR, SSR, and PRR, geographic differences were significant, but the temporal differences were not.
III. Discriminant analysis
The stepwise variable selection and discriminant function analyses were carried out to find the best combination of the smallest number of measurement items that distinguish between the two groups identified in the cluster analyses (Fig.  2) . Group 1 consists of Tohoku, Kanto, Chiba, Chubu, Niigata, Hokuriku, Kyoto, Osaka-1, Kumamoto, and Northern Kyushu. Group 2 consists of Osaka-2, Kinki, Nagasaki and Kagoshima.
The results are shown in Table 5 and Fig. 3 . All the samples except Chiba were correctly discriminated by maximum cranial breadth alone.
Discussion
I. Effects of measurement errors and sampling bias
Before interpreting the inter-population differences in the modern Japanese crania, we must examine their significance in reference to factors such as the inter-observer measurement errors and sampling bias. The distance measures (Table 2) indicate that the inter-population differences in the modern Japanese cranial data, compiled by CAIMJC, are much greater than the differences caused by systematic inter-observer measurement errors. However, there are some distance values that are smaller than the differences resulting from the bias of the samples. The materials used to estimate the differences caused by the bias of the samples consisted of cranial series belonging to the late Edo period (which lasted about 100 years) excavated in Tokyo. Also, Edo, one of the biggest cities in the world at that time, was characterized by a low birth rate and needed population inflow from surrounding areas to maintain its population (KITOH, 1983) . These factors may cause the overestimation of the differences attributed to the bias of the samples. Though the results of the test of inter-population differences (Table 4) suggest a very slow secular change in the Edo period, the effects of the sampling bias may still be overestimated due to in-migration to Edo during the late Edo period. Therefore, it may be concluded that the inter-population differences in the modern Japanese crania are substantially greater than the differences caused by the bias of the samples. 40-70010 of the subjects are younger than 40, and 5-20% are 60 years or older. However, in the Chubu sample, more than 70% are 60 years or older, and only 5% are younger than 40. Therefore, though crania of the Chubu sample were collected in the period S2, their average year of birth is not much different from those of other samples collected in the period S1.
For the Kumamoto sample, this explanation does not apply. Very small cranial breadth may be a real characteristic of the people of this region. The average maximum breadth of the male crania excavated from Kuwashima Island in Kumamoto Prefecture (which are considered to be from the victims of a small pox epidemic in 1839 (Tempo 10)) is only 131.0 mm (N=13) (WAKI, 1970) . This value is very small even in the Edo period (Table 4) . Out of 13 cranial measurement items with significant inter-population differences, seven items show significant secular changes in the Kanto or Kinki districts (Tables 3 and 4) . Also, the key characteristic in determining the interpopulation differences is maximum cranial breadth (Table 5 ) which has exhibited remarkable secular change. Therefore, if the effects of the secular change could be eliminated, the interpopulation difference in the modern Japanese crania would be much smaller.
There are two ways to interpret the role of secular change: as a confounding factor and as a causative factor. If the secular change is regarded as a confounding factor, we must eliminate its effects before interpreting the interpopulation differences in modern Japanese crania. Since it is impossible to control the years of collection, years of birth of the cranial materials, or to correct the data for secular change, the simplest way to minimize the effects of the secular change is to use only the measurement items with significant inter-population differences, but without significant temporal differences. These measurement items are minimum frontal breadth and the four measurement items concerning the depth of the face (facial length, NAR, SSR, and PRR). It is doubtful, however, whether analyses based only on these measurement items would be informative.
On the basis of the temporal change in the geographic distribution pattern of the cephalic index, KOUCHI (1983 KOUCHI ( , 1986 ) suggested a hypothesis that the regional difference in the tempo and timing of secular change is a major cause of geographic difference in cephalic index of the modern Japanese. The present results, in which more than half of the cranial measurement items with significant inter-population differences show significant temporal differences, do not contradict this hypothesis. The present results indicate that maximum cranial breadth is the key characteristic for determining the interpopulation differences. Since maximum head breadth has experienced the most remarkable secular change in the last 70 years (KOUCHI, 1986) , it is likely that the inter-population difference in the CAIMJC cranial data is strongly influenced by the secular factor. This conclusion does not necessarily apply to the inter-population differences in the prehistoric and historic periods when a rapid secular change has not been demonstrated.
